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Using 14M ψ(2S) events collected at BESII, the branching fraction of ψ(2S) →
τ+τ− is measured to be Brττ = (3.10 ± 0.21 ± 0.38) × 10−3, where the first error is
statistical and the second is systematic.
PACS numbers: 13.20.Gd, 14.40.Gx, 14.60.Fg
4I. INTRODUCTION
The decays ψ(2S) → l+l− (l = e, µ, or τ ) have been measured by E760 [1],
E835 [2], BES [3], and BaBar [4], and branching fractions are listed in Table I. Ac-
cording to the sequential lepton hypothesis, the branching fractions of these decays
satisfy [5]
Bree ≃ Brµµ ≃ Brττ
0.3885
≡ Brll,
and the measurements agree with this relation within the large uncertainties.
The decay ψ(2S) → τ+τ− was first observed by DASP [6], and the branching
fraction was first measured by BESI using 4× 106 ψ(2S) events. In this paper, we
report an improved measurement of the branching fraction for ψ(2S)→ τ+τ−. The
measurement is based on a data sample of 14(1± 4%)× 106 ψ(2S) events collected
by the BESII detector at the BEPC.
TABLE I: Experimental results for Br(ψ(2S) → l+l−) (×10−3). The CLEO-c result is
calculated from Γee[7]/Γψ(2S)[5].
Experiment Year Bree Brµµ Brττ
E760 [1] 1996 8.3± 0.86 - -
E835 [2] 2000 7.4± 0.73 - -
BES [3] 2000 - - 2.71 ± 0.7
BaBar [4] 2003 7.8± 1.2 6.7± 1.1 -
CLEO-c 2006 7.5± 0.3 - -
PDG [5] 2006 7.35 ± 0.18 7.3± 0.8 2.8 ± 0.7
II. BES DETECTOR
The upgraded Beijing Spectrometer (BESII) is located at the Beijing Electron-
Positron Collider (BEPC). BESII is a large solid-angle magnetic spectrometer which
is described in detail in Refs. [8, 9]. The momentum of the charged particle is
5determined by a 40-layer cylindrical main drift chamber (MDC) which has a mo-
mentum resolution of σp/p = 1.78%
√
1 + p2 (p in GeV/c). Particle identification
is accomplished by specific ionization (dE/dx) measurements in the drift chamber
and time-of-flight (TOF) information in a barrel-like array of 48 scintillation coun-
ters. The dE/dx resolution for hadron tracks is about 8.0%; the TOF resolution
of charged hadrons is about 200 ps. Radially outside of the TOF counters is a
12-radiation-length barrel shower counter (BSC) comprised of gas tubes interleaved
with lead sheets. The BSC measures the direction and energy of photons with an
energy resolution of σE/E ≈ 21%/
√
E (E in GeV). Outside of the solenoidal coil,
which provides a 0.4 Tesla magnetic field over the tracking volume, is an iron flux
return that is instrumented with three double layers of counters that identify muons
of momentum greater than 0.5 GeV/c. It provides coordinate measurements along
the muon trajectories with resolutions in the outermost layer of 10 cm in rφ and
12 cm in z. The solid angle coverage of the layers is 67%, 67%, and 63% of 4pi,
respectively.
A GEANT3 based Monte Carlo (MC) program with detailed consideration of
the detector performance is used [10]. Reasonable agreement between data and
Monte Carlo simulation has been observed in various channels tested, including
e+e− → (γ)e+e−, e+e− → (γ)µ+µ−, J/ψ → pp, and ψ(2S) → pi+pi−J/ψ, J/ψ →
l+l−(l = e, µ).
III. EVENT SELECTION
The τ pair events are identified by the topology ψ(2S) → τ+τ− → eννµνν
(denoted as eµ). These events are characterized by two charged tracks, missing
energy and momentum, and no real hits in the BSC. An event is required to have
two oppositely charged tracks, each of which is well fitted to a helix within the polar
angle region |cos θ| < 0.8 and with the point of closest approach of the track to
the beam line within the interaction region of
√
x20 + y
2
0 < 2 cm, |z0| < 20 cm. The
transverse momentum of each track is required to be greater than 70 MeV/c, which is
the minimum needed to reach the outer radius of the BSC in the 0.4 Tesla magnetic
6field, and the momentum is required to be less than 1.2 GeV/c to reject background
from radiative Bhabha (e+e− → (γ)e+e−) and dimuon (e+e− → (γ)µ+µ−) events.
The electron is identified using the following selection criteria. The ratio of the
energy deposited by the track in the BSC to its momentum (E/p) should be greater
than 0.65. To further distinguish the electron from hadrons, we determine
Xse =
(dE
dx
)meas − (dEdx )exp
σ dE
dx
and
Tse =
(TOF )meas − (TOF )exp
σTOF
,
where (dE
dx
)meas and (TOF )meas are the measured dE/dx and TOF values, (
dE
dx
)exp
and (TOF )exp are the expected values for the electron hypothesis , and σ dE
dx
and σTOF
are the resolutions. A radiative Bhabha sample is used to determine corrections
so that Xse and Tse are standard normal distributions. We require |Xse| < 2.5
and |Tse| < 2.5. The combined Xse and Tse information is used to calculate the
confidence level for the electron hypothesis, and it is required to be greater than
0.01.
To identify the muon, the difference between the closest muon hit position in the
muon counter and the projected MDC track in the i-th layer (i = 1, 2, 3), δi, is
used. A hit is considered as a good µ hit if δi is within three standard deviations,
where the µ+ and µ− δi distributions as a function of momentum and cos θ have
been corrected to standard normal distributions using radiative dimuon events. The
total number of the good µ hits, µgoodhit , should be greater than one.
The total energy of the neutral clusters in the BSC, which are not associated
with the charged tracks, Etotneu, is required to be less than 0.2 GeV to remove the
backgrounds which contain pions or gammas.
IV. EFFICIENCIES
The e and µ identification efficiencies, εeID and εµID, are determined using ra-
diative Bhabha and dimuon events, and the remaining efficiency εMC , including ge-
ometric acceptance, is determined from Monte Carlo simulation. Radiative Bhabha
7TABLE II: The ωi and ε
µ
i values in different Pxy regions.
Pµxy (GeV/c) ωi(%) ε
µ
i (%)
0.5 < Pxy < 0.6 15.45 55.0 ± 5.3
0.6 < Pxy < 0.7 13.69 66.7 ± 2.4
0.7 < Pxy < 0.8 10.02 77.2 ± 1.2
0.8 < Pxy < 0.9 6.08 81.7 ± 0.89
0.9 < Pxy < 1.0 3.11 83.3 ± 0.66
1.0 < Pxy < 1.1 1.07 85.7 ± 0.45
1.1 < Pxy < 1.2 0.11 88.5 ± 0.31
and dimuon events require that the higher momentum track in each event be a well
identified electron or muon. The overall efficiency is εeµ = εeID × εµID × εMC.
Radiative Bhabha events are used to measure εeID. It is (82.8 ± 0.08)%, while
from MC simulation, it is (81.5±0.11)%; the difference 0.2% is take as the systematic
error for e identification.
Radiative dimuon events are used to measure εµID. The µ identification efficien-
cies vary with the µ transverse momentum region, so εµID =
∑
i ωiε
µ
i , where ε
µ
i is
the µ identification efficiency in the i-th transverse momentum bin determined from
data, and ωi is the fraction of MC simulated ψ(2S) → τ+τ− → eννµνν events in
the same bin. Table II shows ωi and ε
µ
i ; εµID is determined to be 33.9(1± 0.022)%.
The final efficiency for selecting eµ events is εeµ = 17.8%.
V. BACKGROUND ESTIMATION
In this experiment, ττ pairs are produced by: (1) ψ(2S) decays, (2) direct contin-
uum production, and (3) the interference between them. To measure the branching
fraction of ψ(2S)→ τ+τ−, the continuum contribution including interference must
be subtracted. Other ψ(2S) decay backgrounds must also be subtracted.
The backgrounds from ψ(2S) decays are studied using the 14 M MC inclusive
ψ(2S) decays generated with Lundcharm [11]. The dominant background is found
to be from ψ(2S) → τ+τ− → eννpiν. All possible two-body background channels
8are generated according to the branching fractions given in PDG(2006), including
ψ(2S) → τ+τ− with τ → piν or → pipi0ν. Using Brττ = 3.10 × 10−3, which is the
value determined in this experiment, the number of the background events from
ψ(2S) decays is Nnormbg = 68.5± 3.2.
The continuum background is estimated by applying the same selection criteria
to the data sample taken at
√
s = 3.650 GeV and normalizing the result to 3.686
GeV:
Nobscont = N
obs
3.650 ·
σcont3.686
σcont3.650
· L3.686
L3.650
.
where N is the number of continuum background events, σcont is the cross section
for the continuum process, and L is the integrated luminosity. The continuum
background at
√
s = 3.686 GeV is estimated to be Nobscont = 516.4± 45.3.
VI. BRANCHING FRACTION OF ψ(2S)→ τ+τ−
The branching ratio Brττ is determined from:
Brττ =
Nobs−Nobscont−N
norm
bg
(Brττ )
εeµ·Br(eµ)
− σττInt(Brττ ) · L3.686
Nψ(2S)
, (1)
where Nobs is the number of observed events, Br(eµ) is the fraction of τ+τ− events
producing the eµ topology, which is 2Br(τ → eνν˜)Br(τ → µνν˜) = 0.06194 [5],
L3.686 is the integrated luminosity of the ψ(2S) data, Nψ(2S) is the total number of
ψ(2S) events, and σττInt(Brττ ) is the interference cross section between ψ(2S) decay
and continuum amplitudes. A summary of the numbers used to find Brττ is given
in Table III.
Since Nnormbg (Brττ ) and σ
ττ
Int(Brττ ) depend on Brττ , we can solve Eq. 1 to obtain
Brττ . The value of N
norm
bg (Brττ ) is 22086.8 · Brττ . Substituting the total width
of ψ(2S), Γ = 281 keV [5], and the energy spread ∆E = 1.3 MeV [12] into the
cross section function given in Ref. [13] , σττInt(Brττ ) = −66.587 ·Brττ is obtained at√
s = 3.686 GeV. Solving, Brττ is 3.10× 10−3.
Figure 1 shows distributions of (a) the electron momentum, (b) the muon mo-
mentum, (c) Etotneu, and (d) the cosine of the acollinearity angle. The data (dots with
9TABLE III: Summary of numbers used to determine Brττ .
Nobs 1015
Nobscont 516.4 ± 45.3
εeµ 17.8%
Br(eµ) 0.06194
L3.686 19.72 ± 0.86 pb−1
Nψ(2S) 14(1± 0.04) × 106
Nnormbg (Brττ ) 68.5 ± 3.2
error bars) are consistent with Monte Carlo simulation (blank histogram), which
includes signal and backgrounds from ψ(2S) decays and the continuum.
VII. SYSTEMATIC ERRORS
A. Systematic error on εeµ
The systematic error on εeµ comes mainly from the particle identification effi-
ciency uncertainties, the MDC tracking uncertainty, and the uncertainty of the Etotneu
requirement. As shown in Sect. IV, the systematic errors for e and µ identification
are 0.2% and 2.2%, respectively. The simulation of the MDC tracking efficiency
agrees with data within 1 to 2 % for each charged track as measured using channels
like J/ψ → ΛΛ and ψ(2S) → pi+pi−J/ψ, J/ψ → µ+µ−. The systematic error for
the channel of interest is taken conservatively as 4%.
The effect of the requirement on the total energy of the neutral clusters is esti-
mated using the following method. A neutral cluster in the BSC is considered to
be a photon candidate when the angle between the nearest charged track and the
cluster in the xy plane is greater than 15◦, the first hit layer is in the beginning 6 ra-
diation lengths, and the angle between the cluster development direction in the BSC
and the photon emission direction in the xy plane is less than 37◦. Instead of the
requirement on the energy in the BSC, we require that no photon is reconstructed.
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FIG. 1: Distributions for (a) the electron momentum, (b) muon momentum, (c) Etotneu, and
(d) cosine of the acollinearity angle. Dots with error bars are data, the shaded histograms
are the background from ψ(2S) decays, the histograms filled with diagonal lines are the
background from the continuum and from ψ(2S) decays, and the blank histograms are
the signal plus the backgrounds.
The efficiency difference between data and MC for the no photon requirement is
measured to be 0.9%, which we take as the systematic error for the total energy of
neutral clusters requirement. Based on the above, εeµ is 17.8(1± 4.7%)%.
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B. Systematic error of σττinf
The systematic error on σττinf comes from a shift of the beam energy during data
taking. About one third of the ψ(2S) data was acquired with the beam energy drop-
ping slowly from 1.8430 GeV to 1.8425 GeV. Defining σ′inf =
∣∣∣(σ3.6855inf /3 + 2σ3.686inf /3)
∣∣∣,
the difference between σ′inf and σ
ττ
inf is 5.1% and is considered as the systematic error.
C. Systematic error of the branching fraction
Table IV shows the summary of the systematic errors, where σabs is the absolute
uncertainty, and σrel is the relative error. The total systematic error on the branching
fraction is 12.3%.
TABLE IV: Summary of systematic errors.
source σabs σrel (%)
εeµ 0.12 4.0
σInt 0.15 5.0
Breµ 0.013 0.42
L3.686 0.013 0.42
Nψ(2S) 0.13 4.2
Nobscont 0.30 10.0
Total 0.38 12.3
VIII. SUMMARY
The process ψ(2S)→ τ+τ− is studied with 14×106 ψ(2S) events. The branching
fraction is measured to be (3.10±0.21stat.±0.38sys.)×10−3. The error is more precise
than the previous measurement by BESI [3]. In the present measurement, the e and
µ particle identification efficiencies and the continuum background are obtained from
data. The biggest systematic error comes from the the continuum background. To
obtain more precision, a larger continuum sample is required.
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